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In this talk I discuss two topics related to B decays. I will first discuss the Stan- 
dard Model prediction for B —> rj'X s , and then discuss how to use experimental 
information from B — » J/tpK* to test CP violation beyond the SM. 



I will report some-joJLmy recent work on B — > rj'X s and B — ► J/ipK* 
with my collaborators uau in this talk. The processes B — > ?/X s and £ — > 
J/ijjK* have been analyzed in detail by the CLEO collaboration The 
unexpected large branching ratio ofu (6.2 ± 1.6 ± 1.3) x 10~ 4 for B — > rfX s 
has leaLsojpe to claim that new physics is needed to explain the observation by 
CLEOaLrB. I will show that in fact the Standard Model prediction is consistent 
with experimental data when related processes are treated properly □. The 
measurement of the full angular analysis of u B — > J/ipK* from CLEO has 
also led to some interesting physics. I will show that information obtained 
from the angular-distribution for this decay provide good test for CP violation 
beyond the SM0E 

1 B — ► ri'X s in the Standard Model 

The recent observation of B — > rfX s i and B — > V^ii^l i^lf^f 8 n w ji^ high 
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momentum r/ has stimulated many theoretical activities!: 
of the mechanisms proposed to account for this decay is b — > sg* — > s<?7/ 
where the 77' meson is produced via the anomalous rf—g—g coupling. According 
to a previous analysis this mechanism within the Standard Model(SM) can 
only account for 1/3 of the measured branching ratio □. There are also other 
calculations of B — > rj ' X s based on four-quark operators of the effective weak- 
HamiltonianlZIO. These contributions to the branching ratio, typically 10~ 4 , 
are also too small to account for B — > r)'X s , although the four-quark-operator 
contributionJs_capable of explaining the branching ratio for the exclusive B — * 
r)'K decaysEj'til These results have inspired proposals for an enhanced b — > sg 
and other mechanisms arising from physics beyond the SM auu. It will be 
shown iiere that the SM is in fact consistent with experimental data from 
CLEO 0. 
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j-JThe quark level effective Hamiltonian for the B — > r)'X s decay is given 
byB: 

H eff (AB = 1) = % £ Vf 6 F/ s (Ci(/i)0{(^) + C 2 (/i)0|(/x)) 

^^^(C^^O.^+^^OsC/i))], (1) 

i=3 

The operators are defined in Ref.[f5]. Ci are the Wilson Coefficients (WC). 
The values for the WC's given in Ref. [16,17] will be used in this discussion. The 
superscript e " indicate that the matrix element corrections are also included. 

Let me first discuss the four-quark operator contributions to B — > rj 1 X s . 
The four-quark operators can induce three types of processes represented by 
1) < T)'\qTxb\B >< X s \sT' iq \0 >, 2) < r)'\qT 2 q\0 >< X s \sTb\B >, and 3) 
< r]' X s \sT3q\0 >< Olgr^i? >. Here 1^ ' denotes appropriate gamma matrices. 
The contribution from 1) gives a "three-body" type of decay, B — > rj'sq. The 
contribution from 2) gives a "two-body" type of decay b — > srf . And the 
contribution from 3) is the annihilation type which is relatively suppressed 
and will be neglected. Several decay constants and form factors needed in the 
calculations are listed below: 



< 0|u 7/i75 m|7/ >=< 0| djnj 5 d\r}' >= i/^pJJ 

i(f u , ~ fV, 
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< 0\^7 5 s\rj' >= {ftp* , < 0|s 75S |7?' >= i(J% ~ 



ft = -j=(A cos0 1 + -L/ 8 sin0 8 ), ft = -j=(A COS0, - V2f 8 sm9 8 ), 

< r,'\qi»b\B >= jf* (p* + pV) + (F( f * _ F^) ^ q,, 

F*$ = -±=(-j= sin ^ + cos^" 1 ). (2) 

For the rf — r] mixing associated with decay constants above, I have used 
the two-angle parameterization. The numerical values of various parameters 
are obtained from Ref. [18] with A = 157 MeV, f 8 = 168 MeV, and the 
mixing angles 9% = —9.1°, #8 = —22.1°. For the mixing angle associated 
with form factors, I used the one-angle parameterization witlip 6 — —15.4°, 
since these form factors were calculated in that formulation EJ'Q. In the latter 
discussion of b — > sgi]', I shall use the same— parameterization in order to 
compare our results with those of earlier works E2IeI. For form factors, I assume 
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that F Bri1 — F Bm = F B7r with dipole and monopole q 2 dependence for F± 
and Fq, respectively. I used the running mass m s w 120 MeV at fi = 2.5 GeV 
and F B7r = 0.33 following Ref.[13]. 

Using Vts = 0.038, 7 = 64° and /1 = 5 GeV, it is found that the branching 
ratios in the signal region p v i > 2.2 GeV (mx < 2.35 GeV) are given by 

B(b -> n's) = 0.9 x 10" 4 , B(B -> jj'sg) = 0.1 x 10" 4 . (3) 

The branching ratio can reach 2 x 10~ 4 if all parameters take values in favor 
of B — > rf X s . Clearly the mechanism by four-quark operator is not sufficient 
to explain the observed B — > rj' X s branching ratio. 

I now turn to b — > rf sg through the QCD anomaly. To see how the 
effective Hamiltonian in Eq. ([!]) can be applied to calculate this process, let 
me rearrange the effective Hamiltonian such that 

£ do t = (c 3 e// + ^)o 3 + (eg" + ^)o 5 

i=3 c c 

-2{C e J f - Cl ff )0 A + 2(C 4 e// + Cl ff )O v + C 8 e// O s , (4) 

where 



A = s 7/1 (l - l 5 )T%J2 97 M 75T a g , O v = s 7m (1 - J 5 )T a b ]T q^T a q. (5) 

Since the light-quark bilinear in Oy carries the quantum number of a gluon, 
one expects Oy give contribution to the b — > sg* form factors. In fact, by 
applying the QCD equation of motion : D V G£ U = g s qj^T a q, one obtains, 
Oy = (l/g s )sj f t(l-~f 5 )T a bD„G%' / . The effective b — > sg* vertex can be written 
as 

= -^V£V^ J^(Ai^% 2 7M - ^)iT a 6 - iF 2 m b s<r^q»RT a b). (6) 

The form factors AFi and F2 are defined according to the convention in Ref. 
[6]. One obtains 

AF 1 = —(Cf f (») + C% ff (ri), F 2 = -2C 8 e// ( M ) (7) 

Note that the relative sign of AF\ and F2 obtained agree with those in Refs. 
[6,7] and [19] which results in a destructive interference. 

At the hadronic level the anomalous rj — g — g coupling is given by: 
a g (n) cos 9e^ a pq a k 13 with a g (fj,) — y/ Npa s (jjl) / 7rf n ' , q and k the momenta 
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of the two gluons. Using the WC's at \i = 5 GeV, the branching ratio is found 
to be B(b -> sgri') = 5.6 x 1CT 4 with a cut on m x = yj{k + p') 2 < 2.35 GeV. 
The spectrum for dB(b — > sgr]')/dmx is depicted in Fig. 1. The peak of the 
spectrum corresponds to mx ~ 2.4 GeV. The destructive interference between 
Fi and Fi lowers down the branching ratio by about 14% which is quite dif- 
ferent from the results obtained in Refs.[6,10] because our AFi is larger than 
theirs because the inclusion of the matrix element corrections. 




m x (GeV) 
FIG. 1. 

Figure 1: The distribution of B(b — » s + g + r/) as a function of the recoil mass mx- 

In the above calculation, a g (fJ,) of the rj — g — g vertex is treated as a 
constant independent of invariant-masses of the gluons, and /i is set to be 
5 GeV. In practice, a g {n) should behave like a form- factor- which becomes 
suppressed as the gluons attached to it go farther off-shell 13. It is possible 
that the branching ratio obtained gets reduced significantly by the form-factor 
effect in rj — g — g vertex. Should a large form-factor suppression occur, the 
additional contribution from b — > rj s and B — > r/'sq discussed earlier will 
become crucial. I however would like to stress that the estimate of b — > sgrj' 
with a s evaluated at fj, = 5 GeV is conservative. To illustrate this, let me 
compare branching ratios for b — > sgrj' obtained at fi = 5 GeV and \i = 2.5 GeV 
respectively. The branching ratios at the above two scales with the kinematic 
al cut on mx are 4.9 x 10~ 4 and 8.5 x 1CP 4 respectively. One can clearly see the 
significant scale-dependence! With the enhancement resulting from lowering 
the renormalization scale, there seems to be some room for the form-factor 
suppression in the attempt of explaining B — > r]'X s by b — > sgrj' . 

It is clear that the Standard Model prediction for B — > rj'X s is not in 
conflict with experimental data from CLEO. 



4 



2 B — > J/V>-fT* and Test for CP Violation Beyond SM 

The CLEO Collaboration has recently reportedi the first full angular analysis 
of B — > J/ipK*° decays. They find that the P wave component is small, 
\P\ 2 = \A T \ 2 = 0.16 ± 0.08 ± 0.04, and final state interaction (FSI) phases 
<j>(A T ) = -0.11 ± 0.46 ± 0.03 rad, and <j>{A\\) = 3.00 ± 0.37 ± 0.04 rad which 
are consistent with zero or it FSI phases in the convention where <P(Aq) = 
0. The small value for |P| 2 shows that B -> J/tjjK* -> J/ipK S Tr° decay 
is dominated by CP-even final states. This makes it practical to use B — > 
J/ipK* — ► J/ipKsTT to observing mixing induced CP violation and to measure 
sin 2(3 without invoking an angular analysis E2I. The difference between sin 2/3 
measured from B — > J/ipKs (sm2(3j/^ Ks ) and P — > J/ipK* (sm2(3j/^ Ks7r a) 
can provide good test for CP violation beyond the SM □. With increased 
luminosities at CLEO, B-factories and other facilities, the charges of the B 
aand K* can be identified, and therefore it is also possible to study direct CP 
violation in B — > J/tfjK* decaysH. 

To proceed, let me show how sxa.2(3j/^K s and sin 2(3j/^k s ^° can be used 
to test CP violation beyond the SM. The usual mixing induced CP violation 
measure is Im£ = Im {(q/p)(A*A/\A\ 2 )}, where q/p = e ~ 2 ^ B is from B°-B° 
mixing, while A, A are B, B decay amplitudes into the same final state. For 
B — > J/ipKs, the final state is P-wave hence CP odd. Setting the weak phase 
to be as, one has 

Im£(P -» J/i>K s ) =-sm(2<p B +2a s ) = - an20 J/i>Kg . 

For B -> J/^iT* -»■ J/^Ks-k , the final state has both P-amplitude (CP odd) 
and S- and P-amplitudes (CP even) (or their linear combinations An and 
Aq). Let me denote their corresponding weak phases by ctt, and a\\ and oo, 
respectively. If -Am and Aq amplitudes have a common weak phase cr„, one has 

Im£(P^ J/^K s n a ) = Im{e- 2 ^ B [e- 2l<TT |P| 2 -e- 2M *(l-|P| 2 )]} 

= -(l-2|P| 2 )sin2/3 J/ ^ s7r o, (8) 

In the SM one obtains the usual result of sin 2(3j/^ Ks = sin 2pj^ Ks7: o = sin 2/3. 
Clearly, both measurements provide true information about sin 2(3 within SM. 
However, this is no longer true if one goes beyond SM. Even for the case 
where the weak phases of Am and A amplitudes are equal, if &t ^ a * or if 
a T ,a* ^ a s , then sm2f3 J/l p Ks ^ sin 2[3 J/xj , Ks ^o follows. 
To the first order in new weak phases, one has 

2|P| 2 

A KK , » (2a s - 2a, + - J ' (a T - a,)) cos(20 s ). (9) 
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If experiments will measure a non-zero Akk* ■ It is a signal for CP violation 
beyond the SM. 

There are many ways where new physics may change the phases Ui. To 
the lowest order they may arise from dimension 6 four quark operators and 
dimension 5 color dipole moment operators. New physics contributions from 
CxC7^(l ± 75)057^(1 — 75)6 type of four quark interactions are proportional 
to the dominant SM contribution in Eq.[l] which just generate a common 
weak phase for all the amplitudes and therefore Akk* is zero like the SM 
prediction. Akk* discussed here does not provide good test for new physics of 
this type. The interaction of the form ^07^(1 + 75)037^(1 + 75)6 will generate 
different phases for At and A\\q. The reason is that the current S7 M (1 + 75)6 
contribution to At is proportional to Csm + Cr, but to -An is proportional 
to Csm — Cr. To a good approximation, St — ~^\\,o- Akk* can be different 
from zero. 

As an example, let us study R-parity violating supersymmetric models. 
In R-parity violating supersymmetric models, exchange of charged sleptons or 
down type squarks can generate non-zero Cr with an arbitrary phase Sr. The 
allowed value for Cr is constrained from experimental data on 6 — > 57. This 
still allow Cr term to contribute to B — > J/tpK* at the amplitude level as 



large as 20% of the SM contribution. Stronger constrain 
assuming that 6 — > ccs is similar in strength to b — ► ci 
of the weak phases are approximately given by 



.can be obtained by 
J. The upper bound 



S T = -S* « 0.1 sin fo. (10) 

Using Eq.(9), one can easily see that the difference Akk* can reach 
— 0.35 sin <5r cos(20s). Such a large difference can be detected at B factories. 

The contribution from dimension 5 color dipole operator has been esti- 
mated by assuming that color octet operators contribute the amount as deter- 
mined in generalized factorization approximation. The magnitude of the color 
dipole coefficient as large as 10 times of the SM, if the chiral structure is the 
same as the SM one, is not ruled out and may in fact play some important 
role in the missing charm problem. The weak phases crr,||,o canJpe as large as 
0.08 sin S c , where S c is the weak phase of the color dipole phase □. The phases 
are approximately equal for ut and er». The phase 175 is suppressed by a fac- 
tor of rrv^/m% due to helicity structure of the operator. The value for Akk* 
can be as large as 0.18 sin 5 c cos(20s). If it turns out that the color dipole 
interaction has opposite chirality, although there is an enhancement factor of 
1/(1 — 2|P| 2 ), the coefficient Cr is more stringently constrained resulting in a 
smaller Akk*. 
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I now discuss direct CP violation in angular distribution for charge B — > 
J/ipK* . The full angular distribution for B — ► J/ipK* is given by 

FTi a ^ a aa = ^-{2|v4o| 2 cos 2 6»K.(l-sin 2 9 tr cos 2 fa r ) 

I d COS U tr d COS 0K*d(f>tr 327T 

+ |A|| | 2 sin 2 « (1 - sin 2 9 tr sin 2 ir ) + |,4 T | 2 sin 2 K * sin 2 tr 
— Im(ATiAT) sin 2 sin 2# tr sin fa r 

H — pite^o-An) sm26 K , sin 2 tr sin20 tr 

+—= I m(AQ At) sin 29 k* sin2# tr cos</) tr }, (11) 
v2 

where the transversity angles 9 tr and fa r are dehned as polar and azimuth 
angles of the charge lepton in the J/ip rest frame with x axis along the direction 
of K* , x-y plane parallel to Ktt plane. The angle 9k* is defined as that of the 
K in the rest frame of K* relative to the negative of the J/ ip direction in that 
frame. 

In the CLEO analysis, the FSI phase for A was taken to be zero. For 
convenience I will use the convention that each amplitude Aj has both CP 
conserving FSI phase fa and CP violating phase <7, as indicated before. With 
this convention, Aj = \A j \e i ^ +<T ^ while A T = -\A T \e i ^ T -' TT \ A { \\ fi) = 

IAl|,o)|e lW <"- '" <T< "- ' ) . 

It is clear that the coefficients a = — Im(AT, At), (3 = Re(A^A\\), and 

7 = Itu^AqAt) of the last three terms in the angular distribution, and similarly 
a, and 7 for B decays, contain information about CP violation. Without 
separating B and B decays, however, which was the case for the CLEO analysis 
mentioned earlier, information on CP violation cannot be extracted. One must 
obtain the angular distributions for B — > J/ipK* and B — > J/ipK* decays 
separately and determine the coefficients for the interference teems in each 
case. The following three quantities then measure CP violationl3£3 



a\ — a + a = 2|yl||||Ax| cos(<^||x) sin(<7i| T ), 
a 2 = / 9- / 3 = -2|A||||>lo|sm(^||o)sin(o-||o), 
03 = 7 + 7 = -2|A T ||A | cos(</> T o) sin (cr T0 ), (12) 

where faj — fa — faj and tr^ = G{ — <7j . 

It is interesting to note that the CP violating observable do not require 
FSI phase differences and is especially sensitive to CP violating weak phases. 
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The present CLEO data on angular distributions which provide information 
about FSI phases are the charge averaged CP conserving quantities which are 
proportional to sin(</>|| T ) cos(<7||r), cos((/>|| ) cos(<7|| ), and sin(</Vo) cos(aro)- 
At present these data do not exclude ai^ up to 50% and smaller for 

Again in the SM, the three CP violating observables are zero. They provide 
good tests for CP violation beyond the SM there it is possible to have non- 
zero values for a\. For example in R-parity violating supersymmetric model 
considered earlier, for the central values for the magnitude of the amplitudes 
and assuming that the FSI are zero, the asymmetries can be as large as a\ — 
0.10 sin 5r and a 3 = —0.12 sin Sr. 

The color dipole interaction to these asymmetries are small because with 
the same chiral structure as the SM, the new phases are approximately equal as 
discussed before and therefore small asymmetries. For the case with opposite 
chiral structure as the SM the strength of the interaction is more stringently 
constrained, the phases are all small. 

In all cases discussed above the weak phases for mi and cfq are equal (or 
approximately equal). The asymmetry a-i is approximately zero in all cases 
considered, and does not seem to be a good quantity to study for CP violation 
using this method. 

The sensitivities for Oi 2 is similar to the sensitivity to the phase angles 
of the amplitudes. It is interesting. to note that the systematic error in CLEO 
analysis is already as low as 0.030. With increases statistics, as large as 
0.10 should be accessible at CLEO, at CDF, and at future B factories. Since 
the errors are determined through a fit, it is not clear how the statistical error 
scales with actual number of events. The question can only be answered by 
actual studies, but naive scaling implies that one would need 10 s events to 
be able to distinguish the deviations given earlier. Nevertheless, the needed 
number of events may be less and measurement of the observables a; will 
provide us with useful information about CP violation. 

I thank W.-S. Hou and G.-L. Lin for collaborations on the work reported 
here. This work is supported in part by ROC National Science Council and 
by Australian Research Council. 
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